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Tibial component sizing and alignment of TKR components does not significantly 1 
affect patient reported outcome measures at six months. A case series of 474 2 
participants. 3 
 4 
  5 
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Abstract 6 
Objectives: Total knee replacement (TKR) is an effective means of alleviating the symptoms of 7 
end stage osteoarthritis. However, 20% of patients report dissatisfaction one year post-8 
operatively. Previous literature has demonstrated contradictory evidence regarding the 9 
relationship between alignment and tibial component sizing with patient reported outcome 10 
measures (PROMs).  We aim to investigate the association between alignment of TKR 11 
components and effect of tibial component sizing on PROMs. 12 
Method: A prospective, multicentre case series was performed at six centres. Baseline 13 
characteristics were collected at recruitment. Coronal and sagittal plain films were taken day 14 
one post-operatively. Trained medical professionals blinded to outcome measured the 15 
alignment and degree of over/underhang of the tibial component in the coronal and sagittal 16 
place, with Oxford Knee Score (OKS) measured six months post-operatively. 17 
Results: 474 patients were recruited. Malaligned TKRs caused no significant difference in mean 18 
OKS change at six months (independent t-test) (p>0.05). A multivariate regression model taking 19 
into account age, gender, body mass index and baseline OKS also demonstrated no significant 20 
difference (p>0.05). With regards to tibial component sizing, 125 (27%) of patients had 21 
appropriately sized tibial components, 120 (26%) had overhang and 219 (53%) had underhang 22 
with no significant difference in OKS between the groups (p>0.05).  23 
Conclusion: Tibial component sizing and alignment does not significantly affect short-term 24 
function, as measured by OKS, after total knee replacement. Dissatisfaction after TKR is likely 25 
due to other factors other than alignment of implant.  26 
 27 
 28 
  29 
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Introduction 30 
Total knee replacement (TKR) is a definitive means of treating symptomatic arthritis of the knee 31 
(1). An estimated 90,000 procedures take place in Great Britain per year (2),  yet despite its 32 
effectiveness, 20% of patients have expressed dissatisfaction post-operatively (3).  33 
Dissatisfaction has been shown to be associated with lower patient reported outcome measures 34 
(PROM), with a three-month Oxford knee score (OKS) shown to be a significant predictor of 35 
satisfaction (4). Factors contributing to lower PROM and dissatisfaction following TKR include 36 
infection, loosening, component sizing, and implant malalignment (5). The aim of the current 37 
study was to investigate the association between implant alignment and component sizing with 38 
PROM. 39 
Traditionally, implant alignment in the coronal and sagittal planes has long been held a critical 40 
factor in the attainment of optimal results. An important technical objective is to achieve a 41 
perfect tri-planar component alignment (6) with a neutrally aligned limb and a mechanical axis 42 
of 180° ± 3° and no tibial-femoral rotational mismatch (7, 8). Some studies have demonstrated 43 
an association between malalignment and worse PROM scores (9-11) whereas others have 44 
contradictorily demonstrated no association (12, 13). Figure 1 demonstrates radiographic 45 
evidence of tibial component malalignment.  46 
Current evidence within literature regarding tibial component sizing suggests that tibial 47 
overhang particularly at the medial side is associated with soft tissue irritation and therefore 48 
resultant post-operative pain (5). Femoral component overhang (>3mm) has been shown to be 49 
associated with a two-fold increase in knee pain 2 years post operatively (14). Within the 50 
context of unicompartmental knee replacement an overhang of greater than 3mm has been 51 
shown to be associated with a significantly worse OKS score (15). In the case of cemented TKRs 52 
the literature provides contradictory evidence. A retrospective review of consecutive TKRs 53 
found oversizing of components was associated with worse clinical results and an increase in 54 
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pain scores (16), whereas, overhang has also been shown to have no significant effect on OKS 55 
scores (17). 56 
Aims 57 
To investigate the association between alignment of TKR components and effect of tibial 58 
component sizing on PROMs.   59 
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Methods 60 
Patient selection 61 
Patient recruited to a prospective multicentre cohort study were included within this study and 62 
a full protocol is available (18). Briefly, patients were recruited from six hospitals undergoing 63 
primary TKR between April 2013 and June 2014. Three prosthesis are used across these sites; 64 
Nexgen CR, Nexgen CR flex and Nexgen medial pivot (Zimmer Biomet, Indiana, USA). Baseline 65 
measures were taken: age, body mass index (BMI), Oxford knee score (OKS) and a pre-operative 66 
radiograph.  Patients were followed up at six months by postal questionnaire to determine the 67 
OKS score. 68 
 69 
Inclusion Criteria 70 
 Diagnosis of primary osteoarthritis listed for primary TKR 71 
 Able to provide informed consent and complete OKS questionnaire 72 
 Age greater than 50 73 
Exclusion criteria 74 
 Procedure other than total knee arthroplasty 75 
 Delay between recruitment and operation of greater than six-months to safegaued 76 
against baseline measurements changing by the time of the operation. 77 
 78 
Outcomes of interest 79 
Post TKR, the following data was collected: grade of surgeon, intra-operative findings, 80 
component sizing and alignment of prosthesis (based on post-operative radiographs). Post-81 
operatively all patients took part in a standardised enhanced recovery protocol involving 82 
mobilisation using a frame/crutches on day 1 and a combination of active or passive range of 83 
motion exercises.  84 
 85 
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The primary outcome measure of interest is the OKS (19) six months post operatively.  This is a 86 
twelve point PROM used to assess both knee pain and function. 87 
 88 
Radiographic assessment 89 
Medical professionals, who all received identical training, performed radiographic assessment. 90 
All authors were blinded to patient reported outcome measures. Day one non-weight bearing 91 
post-operative radiographs in the anteroposterior (AP) and lateral views were used. 92 
Radiographs were reviewed electronically using the hospital digitalPACS system (Carestream 93 
Health UK Ltd., Hemel Hempstead, United Kingdom). 94 
 95 
TKR alignment parameters are measured in both coronal and sagittal plane (Figure 2). In the 96 
coronal plane, the tibial-femoral mechanical angle is a straight line drawn from the centre of the 97 
femoral head through to the centre of ankle passing through the knee (20). Additionally, the 98 
coronal tibial-femoral anatomical angle (cTFaA) is a combination of the coronal femoral angle 99 
(cFA, α) and the coronal tibial angle (cTA, β).  These are the angles between the component axes 100 
and the anatomical intramedullary long bone axes (21). Sagittal alignment is a measurement of 101 
the component relative to the intramedullary long bone sagittal axis, producing the sagittal 102 
femoral (sFA) and tibial (sTA) angles(21). 103 
 104 
The parameters for alignment were based on previous studies (20) and were as follows: 105 
Coronal plane 106 
 Coronal femoral angle: 107 
o Aligned group – 92-98 108 
o Varus <92 109 
o Valgus > 98 110 
 Coronal tibial angle: 111 
o Aligned 87-93 112 
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o Varus <87 113 
o Valgus >93 114 
 Coronal tibiofemoral anatomical angle: 115 
o Aligned 183-187.5 116 
o Varus <183 117 
o Valgus >187.5 118 
Sagittal plane 119 
 Sagittal tibial angle 120 
o Aligned 0-7 121 
o Misaligned 0>x>7 122 
 Sagittal femoral angle 123 
o Flexion >3 124 
o Aligned 0-3 125 
o Extension <0 126 
 127 
Regarding component sizing, a vertical line was drawn at the most proximal part of the tibial 128 
plateau, allowing us to then measure if any component overhang or underhang was present. We 129 
accounted for magnification by measuring the mediolateral width of the tibial component and 130 
comparing this to the actual known mediolateral width provided by the manufacturers. This 131 
supplied a magnification factor that was used to provide accurate overhang/underhang 132 
compensated for magnification. Overhang and underhang was graded as follows based on 133 
previous literature (22): 134 
 Anatomically sized 0-1mm 135 
 Mild 1-3mm 136 
 Severe >3mm 137 
Power calculation 138 
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This study included reported data from patients included for a large multicentre cohort study 139 
performed in our department(18). We designed a study to have 80% power to detect 140 
associations, at the 5% level, between preoperative factors and outcome, with a correlation 141 
coefficient of 0.2. This will identify if malalignment or tibial component oversizing account for 142 
more than 4% of the variation in primary outcome measure (below the minimally clinical 143 
detectable difference for Oxford knee score. To do this we require complete data from 400 144 
patients. 145 
 146 
 147 
Statistical Analysis 148 
All data and outcomes in this study will be reported in like with the PROCESS (Preferred 149 
reporting of case series in surgery) criteria (23). In order to assess the effect of alignment and 150 
tibial component sizing on OKS separate independent T-tests were performed. Alignment and 151 
over/underhang groups were separated into three categories respectively – aligned, varus and 152 
valgus for the former; anatomically sized, mild and severe for the latter.  153 
A linear regression model was used to adjust for the variables of age, gender, deprivation 154 
(measured using the Index of Multiple Deprivation (24)), severity of arthritis (Ahlback) and BMI 155 
when comparing alignment on OKS. The Ahlback score was dichotomised according to severity 156 
with a score of 0-2 being classed as non-severe and >3 classified as severe. This approach has 157 
been used previously (25).  158 
Inter-rater reliability was assessed between two raters using Cohens Kappa.  159 
  160 
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Results 161 
999 Patients were screened for inclusion in the study from March 2013 to July 2014. 234 162 
patients refused and 165 patients were excluded for reasons highlighted in figure 3. 163 
600 patients were recruited, following recruitment, 83 participants were excluded from follow 164 
up due to delay of greater than six-months to time of surgery. .  A further 11 patients with 165 
significant complications (Fracture (n=3), revision (excluding revision for pain) (n=5), patella tendon 166 
rupture (n=1), significant medical co-morbidity (e.g. dense stroke) (n=2)) were excluded from 167 
analysis. 168 
 169 
During follow-up, a further 32 (5%) participants were lost top follow-up, leaving a total of 474 170 
patients for analysis (92% of eligible participants) (table 1 for baseline characteristics). Of the 171 
474 participants there was a mean age of 68.75 with a mean BMI of 34.71.  For the tibial sizing 172 
group, complete data was present for 464 participants (90%) - A further 10 participants were 173 
excluded due to ambiguity regarding exact prosthesis  174 
 175 
Alignment vs. OKS 176 
Coronal tibial component 177 
Of the 474 participants, 350 (74%) were in the aligned group (87° – 93°) with a six-month OKS 178 
score of 34.171 (95% CI 33.161 – 35.181).  110 (23%) radiographs revealed a varus alignment 179 
(<87°) with an OKS score of 35.693 (95% CI 33.929 – 37.456). There was no significant 180 
difference between the two groups (p=0.726). Similarly there was no significant difference 181 
between the valgus aligned tibial components (14 (3%) participants) and the neutrally aligned 182 
tibial components (p=0.566) (table 2).  183 
 184 
Coronal femoral component 185 
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Of the 474 participants, 233 (49%) were in the aligned group (92° – 98°) with an average six-186 
month OKS of 34.779 (95% CI 33.583 – 35.975).  169 (36%) radiographs revealed a varus 187 
alignment <92° with an average six month OKS of 34.446 (95% CI 33.003 – 35.888). There was 188 
no significant difference in the six-month OKS score between the two groups (p=0.147). Valgus 189 
alignment (72 (15%) participants) also had no significant effect on OKS score at 6 months in 190 
compared to the aligned group (p=0.993) (table 2).  191 
 192 
Combined anatomical tibiofemoral component 193 
A post-operative overall coronal anatomical tibiofemoral component provided no significant 194 
advantage in terms of OKS score change at 6 months compared to a varus or valgus aligned total 195 
knee replacement (table 2).  196 
There were 169 (35%) neutrally aligned components (183-187.5) with an average OKS of 197 
34.883 (95% CI 33.512 – 36.255) compared to 236 (50%) varus aligned total knee arthroplasty 198 
(<183) components with an average OKS of 34.441 (95% CI 33.211 – 35.671) (p=0.641). There 199 
was also no significant difference when comparing valgus aligned total knee arthroplasties 200 
(>187.5) (69 (15%) patients) and neutrally aligned components (p=0.428). 201 
 202 
Sagittal femoral component (table 2) 203 
There was no significant difference in average OKS score between an aligned femoral 204 
component (192 (40%) participants) and a flexed femoral component (269 (58%) participants) 205 
(p=0.492). There was also no significant difference in average OKS score between an aligned 206 
femoral component and an extended femoral component (13 (3%) participants) (p=0.065). 207 
 208 
Sagittal tibial component (table 2) 209 
There was no significant difference in average OKS score between an aligned tibial components 210 
(0-7) (324 (69%) participants) and a misaligned tibial component (0>x>7) (150 (31%) 211 
participants) (p=0.957). 212 
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 213 
Tibial Component sizing 214 
Overhang 215 
There were 125 (27%) anatomically sized TKRs with a six month OKS of 34.474 (95%CI 32.846 216 
- 36.101). 120 TKRs had some degree of overhang (25%) with a six month OKS of 34.318 217 
(95%CI 32.642 - 35.995). There was no significant difference in six-month OKS score between 218 
the anatomically sized group and the overhang group (p=0.387) (Table 3). 219 
 220 
Medial Overhang 221 
255 (55.9%) TKRs were well positioned on the medial side, 24 (5.2%) had evidence of minor 222 
overhang and 14 (3.0%) had evidence of severe overhang. There was no significant difference in 223 
six-month OKS score between the three groups (p>0.05) (Table 3). 224 
 225 
Lateral Overhang 226 
203 (44%) TKRs were well positioned on the lateral side, 64 (13.8%) had evidence of minor 227 
overhang and 77 (16.6%) had evidence of severe overhang. There was no significant difference 228 
in six-month OKS score between the three groups (p>0.05) (Table 3).  229 
 230 
Underhang 231 
There were 125 (27%) anatomically sized TKRs with a six month OKS of 34.474 (95%CI 32.846 232 
- 36.101). 219 TKRs had some degree of underhang (47%) with a six month OKS of 33.967 233 
(95%CI 32.594 – 35.339). There was no significant difference in six-month OKS score between 234 
the anatomically sized group and the overhang group (p=0.758) (Table 4). 235 
 236 
Medial Underhang 237 
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255 (55.0%) TKRs were well positioned on the medial side, 90 (19.4%) had evidence of minor 238 
underhang and 81 (17.5%) had evidence of severe underhang. There was no significant 239 
difference in six-month OKS score between the three groups (p>0.05) (Table 4). 240 
 241 
Lateral Overhang 242 
203 (43.7%) TKRs were well positioned on the lateral side, 52 (11.2%) had evidence of minor 243 
underhang and 65 (13.7%) had evidence of severe underhang There was no significant 244 
difference in six-month OKS score between the three groups (p>0.05) (Table 4).  245 
 246 
We also performed multivariate analyses comparing the ‘aligned vs misaligned group’, the 247 
‘aligned’ vs ‘varus” or “valgus’ group, the ‘Well positioned vs overhang group’ and the ‘well 248 
positioned’ vs ‘underhang” group. Taking into account age, gender, BMI, baseline OKS and 249 
Ahlback score which confirmed no significant difference between the respective groups 250 
(p>0.05). 251 
 252 
Inter-rater reliability 253 
Alignment data 254 
Cohens Kappa between at this studies raters varied from 0.3-0.6 indicating a moderate to good 255 
level of agreement. The base rate for this study varied from 0.59 -0.70 providing a percentage 256 
accuracy of between 80 – 90%.  The percentage agreement was 71% between the raters. 257 
Tibial sizing data 258 
Cohens kappa between this studies raters at the study sites varied between 0.65 – 0.75 which 259 
indicates a substantial agreement between the two raters (26). The percentage agreement was 260 
90.3% between raters. 261 
 262 
  263 
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Discussion 264 
For the patients within this study, attaining neutrality of coronal and sagittal alignment of tibial 265 
and femoral component does not provide any additional advantage in the context of patient 266 
reported outcome measures. This study also confirms the premise that tibial component sizing 267 
does not significantly affect patient reported outcome measures. Overall, for all parameters 268 
investigated in this study there was no significant difference in mean change in OKS six-months 269 
post-operatively.  270 
 271 
Alignment 272 
Although five studies have demonstrated an association between malalignment in the coronal 273 
plane and unfavourable PROMS (9-11, 27, 28) the majority of studies do not support this 274 
correlation (8, 12, 29-34).  It should be noted that the five studies that demonstrated a 275 
significant association looked at the coronal tibio-femoral mechanical alignment. Additionally, 276 
these studies were subject to certain methodological flaws. Firstly, 14 of the 15 studies 277 
mentioned above were single centre studies (33) and secondly, the sample sizes were relatively 278 
small in comparison to this study. There was one case series of 600 participants (30), however, 279 
of the remainder, the largest sample size was 200 (33). There was also a significant variation in 280 
follow-up time (6 months to 5 years) and timing of radiograph acquisition. Rienmuller et al (35) 281 
looked at radiographs five years post-operatively and as a result the misalignment could 282 
potentially be due to implant migration rather than misalignment at the time of surgery.  283 
Furthermore, there were variations in both weight bearing status and standardisation of 284 
radiological technique. Studies have shown a non-standardised method of acquiring 285 
radiographs can lead to inconsistent rotation adding an additional source of bias (36). 286 
 287 
We believe the reason for high proportions of dissatisfaction (3) could be due to reasons other 288 
than implant misalignment. Recently, there has been a trend to shift towards kinematic 289 
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alignment whereby restoring the patients original anatomy is the focus of alignment. Howell et 290 
al concluded that a kinematically aligned knee replacement does not adversely affect patient 291 
function (37). These results show varying coronal anatomical alignment had no significant effect 292 
on PROMS. This could be considered consistent with the findings of Howell et al as restoring 293 
patients’ own pre-operative anatomy will create a group of patients who may be kinematically 294 
aligned but anatomically misaligned or vice versa.  This study suggests that where patient 295 
reported outcomes are the endpoint of interest alignment had no significant effect on PROM 296 
scores. 297 
 298 
Tibial sizing 299 
With respect to component sizing, it has been suggested that medial overhang of the tibial 300 
component is more problematic than lateral overhang due to irritation of the medial collateral 301 
ligament (17, 22). When results are subdivided to look at medial vs lateral overhang, we found 302 
the incidence of lateral overhang (30%) to be greater than medial overhang (8.1%). However 303 
we found that both medial and lateral overhang had no significant difference on six-month OKS. 304 
The rational for a greater incidence of lateral overhang is likely to be due to operative 305 
technique, as the intra-operative view is reduced on the lateral side through a medial 306 
parapatellar arthrotomy (17).  307 
These results demonstrate that tibial component underhang did not significantly affect patient 308 
reported outcome measures, which is supported the literature. Component underhang is 309 
thought to be associated with implant subsidence and loosening rather than pain (38). 310 
To the best of our knowledge this is the first multicentre study investigating the effects of tibial 311 
component sizing of cemented TKRs. A recent study found tibial component sizing of 312 
uncemented TKRs had no significant effect on patient reported outcome measures (22). 313 
Another previous single centre retrospective case series of cemented TKRs showed tibial 314 
underhang did not significantly compromise OKS score(17). However, this was a single centre 315 
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study therefore results are less generalisable as they could be affected by a specific technique 316 
used in that centre. Another limitation of this study was there study group consisted exclusively 317 
of patients with overhanging tibial components and a comparison was made to the OKS of 318 
patients from another large RCT.  319 
 320 
The strengths of this study are evidenced by the design; firstly we performed the study in six 321 
centres across a range of hospitals, secondly a broad eligibility criteria gives us a pragmatic 322 
study which is representative of current practice within the UK. As mentioned above a concern 323 
with the above studies was the lack of standardisation of radiological assessment. All study 324 
radiographs were taken day 1 post-operatively and followed a standardised format reducing the 325 
risk of bias due to inconsistent rotation (36). Given that all radiographs were taken day one 326 
post-operatively we can be confident in stating the malalignment was due to surgical placement 327 
rather than implant migration. Another strength of the study was that we assessed all 328 
parameters within the coronal and sagittal plane. Some of the previous studies did not report all 329 
the coronal parameters (11, 34): Ritter et al (39) highlighted the complex interplay between 330 
different components whereby correction of a malaligned component by aligning the second 331 
component to achieve a neutrally aligned knee was associated with increased failure rate. As a 332 
result, we reported the alignment of individual components in addition to combined anatomical 333 
angle. Assessing inter-rater reliability provided further strength to this study design. Although 334 
short leg radiographs are less accurate than long leg radiographs is assessing alignment, we 335 
think that this level of accuracy was sufficient to assess the component axis in relation to the 336 
anatomical bone axis (40).  337 
 338 
A limitation of this study was that we did not assess coronal mechanical axis and the axial 339 
measures of alignment. Axial alignment is best assessed using post-operative CT scans, 340 
however, this was not standard practice in any of the study sites as patients are assessed with 341 
short leg radiographs and therefore we did not assess this measure. Three different prostheses 342 
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were used in this study, which could affect outcome. Future work should involve assessing axial 343 
rotation using post-operative CT scans in a standardised manner, and the assessment of 344 
overhang of different implant designs to see if there is a difference in outcome. Another 345 
potential weakness of this study is that for medial overhang it may have been underpowered. 346 
Given only 14 participants had significant medial overhang this may not be a true reflection on 347 
the impact of this condition on OKS score. This could be further investigated with a study 348 
adequately designed to primarily assess the effect of medial overhang on patient related 349 
outcome. In addition, although we assessed inter-rater reliability using 4 raters, the authors 350 
acknowledge that additional raters would increase the reliability of our findings.  351 
 352 
In conclusion, this study suggests that if PROMS is the outcome of interest for operating 353 
surgeons, then alignment and tibial component sizing does not significantly affect outcome 354 
scores. As a result, the variability in outcome following total knee arthroplasty is likely due to 355 
other factors besides alignment of implantation.  356 
 357 
 358 
 359 
 360 
 361 
 362 
 363 
 364 
 365 
 366 
 367 
 368 
 369 
 370 
 371 
17 
 
 372 
 373 
 374 
 375 
 376 
 377 
 378 
 379 
 380 
 381 
 382 
 383 
Baseline Characteristics 
Age (mean) 68 
BMI (mean) 30.06 
Male:Female 129:198 
Baseline OKS 19.05 
Arthritis severity* 178 mild 143 severe 
*severity based on Ahlback score. 1-2: mild and 3-5: severe. 
Table 1: Demographics of study population 384 
 385 
 386 
 387 
 388 
 389 
 390 
 391 
 392 
 393 
 394 
 395 
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 396 
 397 
 398 
 399 
 400 
 401 
 402 
 403 
 404 
Association between alignment in Coronal tibial angle (CTA) and change in OKS score. 
 Number Six-month 
OKS 
Confidence 
interval 
p value Multivariate 
analysis 
Aligned 350 34.171 33.161 – 35.181 Ref Ref 
Varus (1) 110 35.693 33.929 – 37.456 0.147 p>0.05 
Valgus (-1) 14 34.193 29.647 – 38.739 0.993 p>0.05 
Association between alignment in Coronal femoral angle (CFA) and change in OKS score. 
Aligned 233 34.779 33.583 – 35.975 Ref Ref 
Varus (1) 169 34.446 33.003 – 35.888 0.726 p>0.05 
Valgus (-1) 72 34.04 31.641 – 36.438 0.566 p>0.05 
Association between alignment in Coronal tibial femoral anatomical angle (CTFaA) and 
change in OKS score. 
Aligned 169 34.883 33.512 – 36.255 Ref Ref 
Varus (1) 236 34.441 33.211 – 35.671 0.641 p>0.05 
Valgus (-1) 69 33.801 31.310 – 36.292 0.428 p>0.05 
Association between alignment in Sagittal femoral angle (SFA) and change in OKS score. 
Aligned 192 34.341 32.878 – 35.803 Ref Ref 
Flexion 269 34.973 33.870 – 36.076 0.492 p>0.05 
Extension 13 29 23.915 – 34.085 0.065 p>0.05 
Association between alignment in Sagittal tibial angle (STA) and change in OKS score. 
19 
 
Aligned 324 34.495 33.437 – 35.552 Ref Ref 
Malaligned 150 34.547 33.055 – 36.039 0.957 p>0.05 
 405 
Table 2:  The association between alignment and OKS scores at 6 months.   406 
 407 
 408 
 409 
 410 
 411 
Association between tibial component overhang and six month OKS score 
 Number Six month OKS Confidence Interval Independent t test 
Any degree of overhang 
Well positioned 125 (27%) 34.474 32.846 - 36.101  
Overhang 120 (25%) 34.318 32.642 - 35.995 P=0.387 
Medial aspect 
Well positioned 255 (55.0%) 34.069 32.792 - 35.346  
Minor Overhang 24 (5.2%) 34.553 30.571 - 38.534 P=0.841 
Severe Overhang 14 (3.0%) 37.288 33.777 - 40.708 P=0.351 
Lateral aspect 
Well positioned 203 (43.8%) 34.551 33.292 - 35.810  
Minor Overhang 64 (13.8%) 34.792 31.715 - 37.869 P=0.873 
Severe Overhang 77 (16.6%) 37.818 34.220 - 41.417 P=0.11 
 412 
Table 3: Association between tibial component overhang and six month OKS score 413 
 414 
 415 
 416 
 417 
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 418 
 419 
 420 
 421 
 422 
 423 
 424 
 425 
 426 
Association between tibial component underhang and six month OKS score 
 Number Six month OKS Confidence Interval Independent t test 
Any degree of underhang 
Well positioned 125 (27%) 34.474 32.846 - 36.101  
Underhang 219 (47%) 33.967 32.594 - 35.339 0.758 
Medial aspect 
Well positioned 255 (55.0%) 33.992 32.699 - 35.285  
Minor underhang 90 (19.4%) 35.612 33.457 - 37.767 P=0.202 
Severe underhang 81 (17.5%) 34.041 31.597 - 36.486 P=0.971 
Lateral aspect 
Well positioned 203 (43.8%) 34.509 33.254 - 35.764  
Minor underhang 54 (11.6%) 33.746 30.908 - 36.584 P=0.599 
Severe underhang 67 (14.4%) 33.364 30.883 - 35.845 P=0.39 
 427 
Table 4: Association between tibial component underhang and six month OKS 428 
score 429 
 430 
 431 
 432 
 433 
 434 
 435 
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 452 
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 454 
 455 
Figure 1: Malalignment of the tibial component in the coronal plane.  456 
 457 
 458 
 459 
 460 
 461 
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 477 
 478 
Figure 2: 
A diagrammatic representation of different alignment parameters based on The Knee Society 
Total Knee Arthroplasty Roentgenographic Evaluation and Scoring System. The coronal tibial – 
femoral anatomical axis (1a) is a combination of the coronal femoral axis (cFA) and the coronal 
tibial axis. The sFA (1b) is the angle between a where a line which bisects the medullary canal 
of the femur bisects a line which crosses the condyles of the femoral component. sTA represents 
the angle between where a line running between the centre of the tibia bisects a line drawn 
across the femoral component 
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Figure 3: Flow of patients through the study 479 
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504 
Patients screened (n=999) 
 
 
Excluded (n=165) 
Lacks Capacity (n=3) 
Not total knee replacement (n=85) 
Poor English (n=31) 
Unable to complete (n=13) 
Removed from study before operation (n=33) 
 Did not have operation (n=3) 
 Operation other than knee replacement (n=24) 
 Unable to adhere to study procedure (n=6)  
 
 
 
 
 
 
 
 
Eligible patients (n=834) 
 
 
Refused (n=234) 
 
 Patients enrolled in study (n=600) 
 
 
Excluded (n=83) 
Operation cancelled (n=20) 
Not total knee  (n=8) 
Incomplete or missing data (n=9) 
Died (n=3) 
Protocol breach (too young at time of operation) (n=2) 
Withdrew (n=1) 
Greater than six-months between recruitment and follow up (n=40) 
Complications (n=11) 
 
 
 
 
 
 
 
 
Lost to follow up (n=12, 2.3%) 
No OKS data at time of analysis (n=23, 4.48%) 
No Alignment data at time of analysis (n=8, 1.5%) 
 
  
 
 
Six month:  
Complete follow up (n=474, 91.6%) 
 
Patients eligible for follow up (n=517, 100%) 
 
 
Six-Month Follow Up 
 
 
 
 
 
 
24 
 
References 505 
 506 
1. Callahan CM, Drake BG, Heck DA, Dittus RS. Patient outcomes following 507 
tricompartmental total knee replacement. A meta-analysis. Jama. 1994;271(17):1349-508 
57. 509 
2. National Joint Registry for England Wales and Northern Ireland. 11th Annual 510 
Report. 2014. 511 
3. Noble PC, Conditt MA, Cook KF, Mathis KB. The John Insall Award: Patient 512 
expectations affect satisfaction with total knee arthroplasty. Clinical orthopaedics and 513 
related research. 2006;452:35-43. 514 
4. Williams DP, O'Brien S, Doran E, Price AJ, Beard DJ, Murray DW, et al. Early 515 
postoperative predictors of satisfaction following total knee arthroplasty. The Knee. 516 
2013;20(6):442-6. 517 
5. Mandalia V, Eyres K, Schranz P, Toms AD. Evaluation of patients with a painful 518 
total knee replacement. The Journal of bone and joint surgery British volume. 519 
2008;90(3):265-71. 520 
6. Sikorski JM. Alignment in total knee replacement. The Journal Of Bone And Joint 521 
Surgery British Volume. 2008;90(9):1121-7. 522 
7. Ritter MA, Faris PM, Keating EM, Meding JB. Postoperative alignment of total 523 
knee replacement. Its effect on survival. Clinical orthopaedics and related research. 524 
1994(299):153-6. 525 
8. Nicoll D, Rowley DI. Internal rotational error of the tibial component is a major 526 
cause of pain after total knee replacement. The Journal of bone and joint surgery British 527 
volume. 2010;92(9):1238-44. 528 
9. Aglietti P, Lup D, Cuomo P, Baldini A, De Luca L. Total knee arthroplasty using a 529 
pie-crusting technique for valgus deformity. Clinical orthopaedics and related research. 530 
2007;464:73-7. 531 
10. Huang NF, Dowsey MM, Ee E, Stoney JD, Babazadeh S, Choong PF. Coronal 532 
alignment correlates with outcome after total knee arthroplasty: five-year follow-up of a 533 
randomized controlled trial. The Journal of arthroplasty. 2012;27(9):1737-41. 534 
11. Longstaff LM, Sloan K, Stamp N, Scaddan M, Beaver R. Good alignment after total 535 
knee arthroplasty leads to faster rehabilitation and better function. The Journal of 536 
arthroplasty. 2009;24(4):570-8. 537 
12. Bach CM, Mayr E, Liebensteiner M, Gstottner M, Nogler M, Thaler M. Correlation 538 
between radiographic assessment and quality of life after total knee arthroplasty. The 539 
Knee. 2009;16(3):207-10. 540 
13. Bankes MJ, Back DL, Cannon SR, Briggs TW. The effect of component 541 
malalignment on the clinical and radiological outcome of the Kinemax total knee 542 
replacement. The Knee. 2003;10(1):55-60. 543 
14. Mahoney OM, Kinsey T. Overhang of the femoral component in total knee 544 
arthroplasty: risk factors and clinical consequences. The Journal of bone and joint 545 
surgery American volume. 2010;92(5):1115-21. 546 
15. Chau R, Gulati A, Pandit H, Beard DJ, Price AJ, Dodd CA, et al. Tibial component 547 
overhang following unicompartmental knee replacement--does it matter? The Knee. 548 
2009;16(5):310-3. 549 
16. Bonnin MP, Schmidt A, Basiglini L, Bossard N, Dantony E. Mediolateral oversizing 550 
influences pain, function, and flexion after TKA. Knee surgery, sports traumatology, 551 
arthroscopy : official journal of the ESSKA. 2013;21(10):2314-24. 552 
25 
 
17. McArthur J, Makrides P, Thangarajah T, Brooks S. Tibial component overhang in 553 
total knee replacement: incidence and functional outcomes. Acta Orthop Belg. 554 
2012;78(2):199-202. 555 
18. Barlow T, Dunbar M, Sprowson A, Parsons N, Griffin D. Development of an 556 
outcome prediction tool for patients considering a total knee replacement--the Knee 557 
Outcome Prediction Study (KOPS). BMC musculoskeletal disorders. 2014;15:451. 558 
19. Murray DW, Fitzpatrick R, Rogers K, Pandit H, Beard DJ, Carr AJ, et al. The use of 559 
the Oxford hip and knee scores. The Journal of bone and joint surgery British volume. 560 
2007;89(8):1010-4. 561 
20. Kim YH, Park JW, Kim JS, Park SD. The relationship between the survival of total 562 
knee arthroplasty and postoperative coronal, sagittal and rotational alignment of knee 563 
prosthesis. International orthopaedics. 2014;38(2):379-85. 564 
21. Ewald FC. The Knee Society total knee arthroplasty roentgenographic evaluation 565 
and scoring system. Clinical orthopaedics and related research. 1989(248):9-12. 566 
22. Abram SG, Marsh AG, Brydone AS, Nicol F, Mohammed A, Spencer SJ. The effect of 567 
tibial component sizing on patient reported outcome measures following uncemented 568 
total knee replacement. The Knee. 2014;21(5):955-9. 569 
23. Agha RA, Fowler AJ, Rajmohan S, Barai I, Orgill DP. Preferred reporting of case 570 
series in surgery; the PROCESS guidelines. International journal of surgery (London, 571 
England). 2016;36(Pt A):319-23. 572 
24. Ramsay SE, Morris RW, Whincup PH, Subramanian SV, Papacosta AO, Lennon LT, 573 
et al. The influence of neighbourhood-level socioeconomic deprivation on 574 
cardiovascular disease mortality in older age: longitudinal multilevel analyses from a 575 
cohort of older British men. Journal of epidemiology and community health. 2015. 576 
25. Riis A, Rathleff MS, Jensen MB, Simonsen O. Low grading of the severity of knee 577 
osteoarthritis pre-operatively is associated with a lower functional level after total knee 578 
replacement: a prospective cohort study with 12 months' follow-up. The bone & joint 579 
journal. 2014;96-b(11):1498-502. 580 
26. Landis JR, Koch GG. The measurement of observer agreement for categorical 581 
data. Biometrics. 1977;33(1):159-74. 582 
27. Choong PF, Dowsey MM, Stoney JD. Does accurate anatomical alignment result in 583 
better function and quality of life? Comparing conventional and computer-assisted total 584 
knee arthroplasty. The Journal of arthroplasty. 2009;24(4):560-9. 585 
28. Blakeney WG, Khan RJ, Palmer JL. Functional outcomes following total knee 586 
arthroplasty: a randomised trial comparing computer-assisted surgery with 587 
conventional techniques. The Knee. 2014;21(2):364-8. 588 
29. Howell SM, Papadopoulos S, Kuznik KT, Hull ML. Accurate alignment and high 589 
function after kinematically aligned TKA performed with generic instruments. Knee 590 
surgery, sports traumatology, arthroscopy : official journal of the ESSKA. 591 
2013;21(10):2271-80. 592 
30. Magnussen RA, Weppe F, Demey G, Servien E, Lustig S. Residual varus alignment 593 
does not compromise results of TKAs in patients with preoperative varus. Clinical 594 
orthopaedics and related research. 2011;469(12):3443-50. 595 
31. Matziolis G, Adam J, Perka C. Varus malalignment has no influence on clinical 596 
outcome in midterm follow-up after total knee replacement. Archives of orthopaedic 597 
and trauma surgery. 2010;130(12):1487-91. 598 
32. Stulberg SD, Yaffe MA, Shah RR, Gall-Sims SE, Palmese N, Granieri MA, et al. 599 
Columbus primary total knee replacement: a 2- to 4-year followup of the use of 600 
26 
 
intraoperative navigation-derived data to predict pre and postoperative function. 601 
Orthopedics. 2008;31(10 Suppl 1). 602 
33. Gothesen O, Espehaug B, Havelin LI, Petursson G, Hallan G, Strom E, et al. 603 
Functional outcome and alignment in computer-assisted and conventionally operated 604 
total knee replacements: a multicentre parallel-group randomised controlled trial. The 605 
bone & joint journal. 2014;96-b(5):609-18. 606 
34. Czurda T, Fennema P, Baumgartner M, Ritschl P. The association between 607 
component malalignment and post-operative pain following navigation-assisted total 608 
knee arthroplasty: results of a cohort/nested case-control study. Knee surgery, sports 609 
traumatology, arthroscopy : official journal of the ESSKA. 2010;18(7):863-9. 610 
35. Rienmuller A, Guggi T, Gruber G, Preiss S, Drobny T. The effect of femoral 611 
component rotation on the five-year outcome of cemented mobile bearing total knee 612 
arthroplasty. International orthopaedics. 2012;36(10):2067-72. 613 
36. Bhandari M, Chiavaras MM, Parasu N, Choudur H, Ayeni O, Chakravertty R, et al. 614 
Radiographic union score for hip substantially improves agreement between surgeons 615 
and radiologists. BMC musculoskeletal disorders. 2013;14:70. 616 
37. Howell SM, Papadopoulos S, Kuznik K, Ghaly LR, Hull ML. Does varus alignment 617 
adversely affect implant survival and function six years after kinematically aligned total 618 
knee arthroplasty? International orthopaedics. 2015. 619 
38. Lee YS, Yun JY, Lee BK. Tibial component coverage based on bone mineral 620 
density of the cut tibial surface during unicompartmental knee arthroplasty: clinical 621 
relevance of the prevention of tibial component subsidence. Archives of orthopaedic 622 
and trauma surgery. 2014;134(1):85-9. 623 
39. Ritter MA, Davis KE, Meding JB, Pierson JL, Berend ME, Malinzak RA. The effect of 624 
alignment and BMI on failure of total knee replacement. The Journal of bone and joint 625 
surgery American volume. 2011;93(17):1588-96. 626 
40. Cooke TD, Sled EA. Optimizing limb position for measuring knee anatomical axis 627 
alignment from standing knee radiographs. The Journal of rheumatology. 628 
2009;36(3):472-7. 629 
 630 
